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(57) ABSTRACT

A method for determining installation locations of a plurality
of fault indicators 1n a power network includes a database
retrieving step, an installation location setting step, a fault
analyzing step, a communication quality analyzing step, a
successiul probability determination step and an installation
location updating step. An apparatus for determining instal-
lation locations of a plurality of fault indicators in a power
network includes a database, a processor, a fault analyzing
module and a communication analyzing module. The proces-
sor retrieves graphical information, communication quality
information, and fault rate information of feed lines of the
power network from the database. The fault analyzing mod-
ule generates a plurality of fault points 1n different zones of
the power network. The communication analyzing module
measures a communication quality and calculates a commu-
nication quality information cumulative probability of each
zone and then calculates a successiul communication prob-
ability of each zone.

2 Claims, 3 Drawing Sheets
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METHOD AND APPARATUS FOR
DETERMINING INSTALLATION LOCATIONS

OF A PLURALITY OF FAULT INDICATORS
IN A POWER NETWORK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and an apparatus
for determining installation locations of fault indicators and,
more particularly, to a method and an apparatus for determin-
ing installation locations of fault indicators 1 a power net-
work.

2. Description of the Related Art

A power company generally transmits power to the user
ends via a power network. To smoothly transmit the power to
the user ends, the power company generally installs a plural-
ity of fault indicators at detection points of the power network
to monitor the power transmission. IT any nodes or feed lines
in the power network malfunction and cause outage, a fault
indicator near the fault location generates a fault signal and
sends the fault signal to a processing center through the inter-
mediate fault indicators between the processing center and
the fault indicator sending the fault signal. The processing
center judges the fault location of the power network based on
the fault signal recerved.

Since the fault signal 1s transmitted through the intermedi-
ate Tault indicators one by one, the communication quality
between two adjacent fault indicators 1s one of the important
factors of monitoring power transmission. Conventionally,
the installation locations of the fault indicators are deter-
mined by the workers of the power company, and the fault
indicators are located in places that are easy to install or
observe. Namely, the communication quality between two
adjacent fault indicators 1s not the first priority. Thus, the
communication quality may be degraded due to the terrain,
distance, etc. As a result, the next fault indicator may not be
able to receive or detect the fault signal and, thus, determines
that the previous fault indicator malfunctions and sends a
wrong fault signal back to the processing center. These situ-
ations result 1n degradation of the power transmission moni-
toring. Thus, a need exists for a method and an apparatus for
finding out the best installation locations of the fault indica-
tors.

SUMMARY OF THE INVENTION

An objective of the present invention 1s to provide amethod
and an apparatus for determining installation locations of
fault indicators 1n a power network, with the method and the
apparatus providing better installation locations for the fault
indicators.

The present invention fulfills the above objective by pro-
viding a method for determining installation locations of fault
indicators in a power network. The method includes a data-
base retrieving step including using a processor to retrieve a
power network 1n a database; an installation locations setting
step including using the processor to set a predetermined
number of 1nstallation locations of the fault indicators, with
the 1nstallation locations of the fault indicators being on pre-
determined locations of the power network, with a detection
zone formed between two adjacent 1nstallation locations of
the fault indicators; a fault analyzing step including using a
fault analyzing module to generate a plurality of fault points
in the detection zones based on fault ratio information of each
of the detection zones stored in the database, with the number
of the plurality of fault points in each of the detection zones
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being 1n proportion to a fault ratio 1n the detection zone, with
locations of the plurality of fault points 1n each of the detec-
tion zones being recorded 1n one of the mstallation locations
of the fault indicators 1n the detection zone; a communication
quality analyzing step including using a communication ana-
lyzing module to measure a communication quality of each of
the detection zones to create a commumnication quality infor-
mation cumulative probability, and using a random analysis
method to calculate a successtul communication probability
of each of the detection zones; and a successtul probability
determination step including using the processor to determine
whether the successiul communication probability 1n each of
the detection zones 1s larger than a communication standard,
and completing determination of the installation locations of
the fault indicators in the power network 1f the successiul
communication probability in each of the detection zones 1s
larger than the communication standard, or carrying out an
installation location updating step 11 the successiul commu-
nication probability 1n any of the detection zones 1s not larger
than the communication standard. The installation location
updating step includes using the processor to retrieve the
detection zones having a successiul communication probabil-
ity smaller than the communication standard, moving any one
of the installation locations of the fault indicators through a
unit distance towards a center of the corresponding detection
zone having the successful communication probability
smaller than the communication standard, and carrying out
the fault analyzing step again.

The random analysis method 1n the communication quality
analyzing step can be a Monte Carlo method.

An apparatus for determining installation locations of the
fault indicators 1n a power network according to the present
invention includes a database having graphical information of
a plurality of feed lines of a power network, communication
quality information of each of the plurality of feed lines, and
fault rate information of each of the plurality of feed lines. A
processor 1s electrically connected to the database. The pro-
cessor retrieves the graphical information, the communica-
tion quality information, and the fault rate information from
the database. A fault analyzing module 1s electrically con-
nected to the processor. The fault analyzing module generates
a plurality of fault points 1 different zones of the power
network based on the fault rate information 1n the different
zones ol the power network. A communication analyzing
module 1s electrically connected to the processor. The com-
munication analyzing module measures a communication
quality 1n each of the different zones of the power network
and calculates a communication quality information cumula-
tive probability of each of the different zones and then calcu-
lates a successiul communication probability of each of the
different zones based on the communication quality informa-
tion cumulative probability of each of the different zones.

The present mvention will become clearer 1n light of the
following detailed description of 1llustrative embodiments of
this invention described in connection with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The illustrative embodiments may best be described by
reference to the accompanying drawings where:

FIG. 1 shows a flowchart of a method for determining
installation locations of fault indicators 1n a power network
according to the present invention.

FIG. 2 shows a block diagram of an apparatus for deter-
mining installation locations of fault indicators in a power
network according to the present invention.
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FIG. 3 shows a schematic view 1llustrating a power distri-
bution system to which the present invention 1s applied.

FI1G. 4 shows a schematic view illustrating backward trans-
mission of fault information of the power distribution system
to which the present mnvention 1s applied.

All figures are drawn for ease of explanation of the basic
teachings of the present invention only; the extensions of the
figures with respect to number, position, relationship, and
dimensions of the parts to form the preferred embodiments
will be explained or will be within the skill of the art after the
tollowing teachings of the present invention have been read
and understood. Further, the exact dimensions and dimen-
sional proportions to conform to specific force, weight,
strength, and similar requirements will likewise be within the
skill of the art after the following teachings of the present
invention have been read and understood.

DETAILED DESCRIPTION OF THE INVENTION

The terms “upstream end” and “downstream end” are
determined according to the flowing direction of the power
along a power line. Namely, when the power tlows from a {irst
end to a second end of a power line, the first end 1s the
upstream end, and the second end 1s the downstream end.

With reference to FI1G. 1, a method for determining instal-
lation locations of fault indicators 1n a power network accord-
ing to the present invention includes a database retrieving step
S1, an 1nstallation location setting step S2, a fault analyzing
step S3, a communication quality analyzing step S4, a suc-
cessiul probability determination step S5, and an installation
location updating step S6.

FIG. 2 shows an embodiment of an apparatus for carrying
out the method for determining 1nstallation locations of fault
indicators 1n a power network according to the present mnven-
tion. The apparatus includes a database 1, a processor 2, a
fault analyzing module 3 and a communication analyzing
module 4.

In the database retrieving step S1 of the method for deter-
mimng installation locations of fault indicators in a power
network according to the present invention, the processor 2 1s
used to retrieve mnformation of a power network 5 from the
database 1.

With reference to FIG. 3, the power network 5 includes at
least one power line 51 each having an upstream end 52 and
a downstream end 33 according to the transmission direction
of the power. The upstream end 52 can be a substation or a
bus, and the downstream end 33 can be a user end. The power
network 5 can be converted into graphical information of feed
lines represented by coordinates or real scenes for storage 1n
the database 1. When the processor 2 retrieves the graphical
information of feed lines of the power network 3, the coordi-
nates or actual distribution of the power network 5 1s
obtained.

In the 1nstallation location setting step S2, the processor 2
sets a predetermined number of 1nstallation locations 54 for
fault indicators, and the 1nstallation locations 54 of fault indi-
cators are on predetermined locations of the power network 5,
with a detection zone L formed between two adjacent instal-
lation locations 54 of fault indicators.

The predetermined number of mstallation locations 54 of
fault indicators 1s not limited and can be adjusted according to
the total length of the power line 51 of the power network 5.
The predetermined number of installation locations 34 of
fault indicators can be increased 11 the power network 5 has a
long total length. On the other hand, the predetermined num-
ber of installation locations 54 of fault indicators can be
decreased 11 the power network 3 has a short total length.
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The 1nstallation locations 34 of fault indicators are not
limited and can be the predetermined locations established by
an outage management system (OMS) of a power company.
Alternatively, the installation locations 54 of fault indicators
can be selected according to the graphical information of feed
lines of the power network 5 and the commumnication quality
of the power line 51 of the power network 5. The installation
locations 54 of fault indicators can be set 1n areas of the power
network 5 having better communication qualities. The detec-
tion zone L 1s formed between two adjacent installation loca-
tions 54 of fault indicators. The lengths of the detection zones
L can be 1dentical to or different from each other.

In the fault analyzing step S3, the fault analyzing module 3
1s used to generate a plurality of fault points 1n the detection
zones L based on fault ratio information of each detection
zone L stored 1n the database 1. The number of the fault points
in each detection zone L 1s 1n proportion to a fault ratio in the
detection zone L. The locations of the fault points 1n each
detection zone L are recorded 1n one of the installation loca-
tions 34 of fault indicators in the detection zone L.

Since different detection zones L have different fault rates,
to improve the accuracy of fault detection, the historic fault
rates of each detection zone L can be stored 1n the database 1
betorehand. The fault analyzing module 3 can generate the
tault points in plural detection zones. The number of the fault
points 1 each detection zone L 1s based on the fault rate
information stored in the database 1. The higher the fault rate
in a detection zone, the larger the number of fault points in the
detection zone.

In the communication quality analyzing step S4, the com-
munication analyzing module 4 1s used to measure a commu-
nication quality of each detection zone L to create a commu-
nication quality information cumulative probability. A
random analysis method 1s used to calculate a successiul
communication probability of each detection zone L.

The communication analyzing module 4 calculates the
communication quality of transmission of the fault point from
cach installation location 54 to an adjacent installation loca-
tion 54 and uses this communication quality as the commu-
nication quality of the corresponding detection zone L. The
communication quality includes a packet error rate (PER), a
link quality indication (LQI), a received signal strength indi-
cation (RSSI), etc.

More specifically, the communication analyzing module 4
measures the communication quality 1n each detection zone L
based on the graphical information of the database 1 and
creates a distribution of cumulative probability. When the
communication analyzing module 4 1s proceeding with mea-
surement of the communication quality, the actual terrain of
the location of each 1nstallation location 54 of fault indicators
can be ascertained according to the graphical information of
teed lines, increasing the searching speed for finding out the
locations of each detection zone L. In a case that a fault point
exi1sts 1n the power network 5, a mechanism for indicating the
location of the fault point through backward transmission 1s
provided. In an example shown 1n FIG. 4 1n which the power
1s transmitted from the upstream end 52 to the downstream
end 53, a fault point 6 exists 1n the detection zone L between
two installation locations S4a and 545 of fault indicators. In a
case that the fault point 6 1s closer to the installation location
545b, the 1nstallation location 545 can transmit the location of
the fault point 6 to the 1nstallation location 54c¢, the 1nstalla-
tion location 344, and then the upstream end 352 of the power
network 5 1n sequence, completing the backward transmis-
sion mechanism of the fault state. The communication ana-
lyzing module 4 can use the communication quality informa-
tion cumulative probability 1n each detection zone L and uses
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the random analysis method to calculate the successtul com-
munication possibility of backward transmission of the loca-
tion of the fault point 6 to the upstream end 52. The random
analysis method can be a Monte Carlo method.

In the successiul probability determination step S35, the
processor 2 determines whether the successtul communica-
tion probability in each detection zone L i1s larger than a
communication standard. Selection of the installation loca-
tions 54 of fault indicators 1n the power network 5 1s com-
pleted i1 the successiul communication probability in each
detection zone L 1s larger than the communication standard.
On the other hand, 11 the successiul communication probabil-
ity 1n any of the detection zones L 1s not larger than the
communication standard, the installation location updating
step S6 1s carried out.

Since the communication quality between any two adja-
cent 1nstallation locations 54 affects the backward transmis-
sion mechanism of the location of the fault point 1n the power
network 5, the installation locations 54 of fault indicators are
in better locations 1n the power network 3 11 the successiul
communication probability 1n each detection zone L 1s larger
than the communication standard, so that the locations of the
tault points in different detection zones L can be successiully
transmitted back to the upstream end 52, and the method for
determining installation locations 54 of fault indicators 1n a
power network according to the present invention 1s com-
pleted. Thus, when the power company 1s intended to install
the fault indicators in the power network 5, the fault indicators
can be installed on the 1nstallation locations 54 generated by
the above method to achieve better transmission while a fault
occurs. On the other hand, the 1nstallation location updating
step S6 15 carried out 1f the successtul communication prob-
ability 1n any of the detection zones L 1s not larger than the
communication standard.

In the installation location updating step S6, the processor
2 retrieves the detection zone L having a successtul commu-
nication probability smaller than the communication stan-
dard. Then, the processor 2 moves any one of the nstallation
locations 54 of fault indicators through a umt distance
towards a center of the corresponding detection zone L hav-
ing the successtul communication probability smaller than
the communication standard, and carries out the fault analyz-
ing step S3 again.

Since low successful communication probability of a
detection zone L 1s caused by overlong distance between two
installation locations 54 of fault indicators 1n the detection
zone L or by the terrain, the processor 2 moves any one of the
installation locations 54 through a unit distance towards a
center of the corresponding detection zone L to shorten the
distance between the installation location 34 and an adjacent
installation location 54, and the fault analyzing step S3 is
carried out again. The unit distance of the installation location
54 1s not limited. Namely, the unit distance through which the
installation location 1s moved can range from several meters
to several kilometers.

More specifically, after the position of the installation loca-
tion 34 1s changed, the fault analyzing step S3 and the subse-
quent steps are carried out to obtain the new successiul com-
munication probability 1n each detection zone L. If the new
successiul communication probability 1n any detection zone
L 1s still smaller than the communication standard, the instal-
lation location updating step S6 1s carried out again until the
new successiul communication 1n each detection zone L 1s
larger than the communication standard (and the method for
determining 1nstallation locations of fault indicators 1n a
power network according to the present invention 1s termi-
nated). When the power company 1s intended to install the
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fault indicators in the power network 35, the fault indicators
can be located 1n the mnstallation locations 54 of fault indica-
tors obtained from the above method, achieving better trans-
mission while a fault occurs.

In the apparatus for determining installation locations of
fault indicators 1n a power network according to the present
invention, the database 1 1s used to store graphical informa-
tion of feed lines of the power network 5, communication
quality information of each feed line, and fault rate informa-
tion of each feed line. The graphical information of feed lines
of the power network 5 can be represented by coordinates or
real scenes to show the actual distribution of the power net-
work 5.

The processor 2 1s electrically connected to the database 1.
The processor 2 retrieves the graphical information, the com-
munication quality information, and the fault rate informa-
tion from the database 1 to determine the installation loca-
tions 54 of fault indicators and to install the fault indicators 54
in the power network S for subsequent operation and judg-
ment.

The fault analyzing module 3 1s electrically connected to
the processor 2. The fault analyzing module 3 generates a
plurality of fault points in different zones of the power net-
work 5 based on the fault rate information in different zones
of the power network 5.

In this embodiment, after the processor 2 determines the
installation locations 54 of fault indicators in the power net-
work 3, the fault analyzing module 3 generate the fault points
in the detection zones L based on the fault rates in the detec-
tion zones L.

The communication analyzing module 4 1s electrically
connected to the processor 2. The communication analyzing
module 4 measures the commumication quality 1n each of the
different zones of the power network 5 and calculates the
communication quality information cumulative probabaility
of each of the different zones and then calculates a successiul
communication probability of each of the different zones
based on the communication quality information cumulative
probability of each of the different zones.

In this embodiment, after the processor 2 determines the
installation locations 34 1n the power network 5, the commu-
nication analyzing module 4 measures the communication
quality 1n each detection zone L to create distribution of the
communication quality information cumulative probability.
Then, the random analysis method 1s used to obtain the suc-
cessiul communication probability of backward transmission
of the location of the fault point 1n each detection zone L to the
upstream end 352. The random analysis method can be a
Monte Carlo method.

The method and apparatus for determining installation
locations of fault indicators in a power network according to
the present invention can find out better locations for install-
ing the fault indicators 1n a power network 5, increasing the
transmission rate when a fault occurs.

Thus since the mvention disclosed herein may be embod-
1ied 1n other specific forms without departing from the spirit or
general characteristics thereof, some of which forms have
been indicated, the embodiments described herein are to be
considered 1n all respects 1llustrative and not restrictive. The
scope of the invention 1s to be indicated by the appended
claims, rather than by the foregoing description, and all
changes which come within the meaning and range of equiva-
lency of the claims are intended to be embraced therein.

What 1s claimed 1s:

1. A method for determining installation locations of a
plurality of fault indicators in a power network, with the
method comprising:
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a database retrieving step including using a processor to a successiul probability determination step including using
retrieve a power network 1n a database; the processor to determine whether the successtul com-
an 1nstallation location setting step including using the munication probability in each of the detection zones is

processor to set a predetermined number of 1nstallation

locations of the fault indicators, with the installation 5

locations of the fault indicators being on predetermined

locations of the power network, with a detection zone
formed between two adjacent installation locations of
the fault indicators;

a fault analyzing step including using a fault analyzing 10
module to generate a plurality of fault points 1n the
detection zones based on fault ratio mnformation of each
of the detection zones stored i1n the database, with a
number of the plurality of fault points 1n each of the
detection zones being in proportion to a fault ratio in the 15
detection zone, with locations of the plurality of fault
points 1n each of the detection zones being recorded 1n
one of the installation locations of the fault indicators 1n
the detection zone;

a communication quality analyzing step including using a 20
communication analyzing module to measure a commu-
nication quality of each of the detection zones to create
a communication quality information cumulative prob-
ability, and using a random analysis method to calculate
a successiul communication probability of each of the
detection zones; I S T

larger than a communication standard, and completing,
determination of the installation locations of the fault
indicators 1n the power network 11 the successtul com-
munication probability in each of the detection zones 1s
larger than the communication standard, or carrying out
an installation location updating step if the successtul

communication probability 1n any of the detection zones
1s not larger than the communication standard,

with the installation location updating step including using

the processor to retrieve the detection zones having a
successiul communication probability smaller than the
communication standard, moving any one of the instal-
lation locations of the fault indicators through a unit
distance towards a center of the corresponding detection
zone having the successiul communication probability
smaller than the communication standard, and carrying,
out the fault analyzing step again.

2. The method for determining 1nstallation locations of the
fault indicators 1n a power network as claimed in claim 1, with
the random analysis method in the communication quality
analyzing step being a Monte Carlo method.
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